Objectives: The objective of this study was to evaluate the effectiveness of oral health educational actions in the school context in improving oral hygiene and dental caries in schoolchildren through systematic review and meta-analysis.
| INTRODUCTION
Oral disorders such as dental caries, periodontal diseases and tooth loss are critical public health issues around the world, given the fact that poor oral health has far-reaching effects on overall health and quality of life. There are challenges to overcome in order to improve oral health, particularly in developing countries, in which there is an urgency to globally strength public health programmes by deploying effective preventive measures against diseases while promoting oral health. 1, 2 The World Health Organization in 2003 indicated that the focus of Oral Health Education (OHE) actions should be on behaviours and conditions that promote oral health or that reduce the risk of oral diseases; health promotion at school should encourage daily toothbrushing, supervised toothbrushing, use of fluoride, and promotion of good nutrition, among other strategies. 3, 4 While reviewing the evidence on the effectiveness of Dental Health Education (DHE) in 1996, Kay and Locker undertook a systematic review which showed no evidence to show that DHE was effective against dental caries.
They suggested that further efforts are required to synthesize current information about DHE. 5 However, that review was published more than two decades ago, with the most recent evidence having been included from a study published in 1994. Since its publication, a large number of intervention studies assessing the effectiveness of educational measures have been published, and a more contemporary review is required.
The use of collective actions for oral health education is frequent and includes lectures using different types of resources such as flipcharts, video, slide presentation, and other types of actions such as supervised dental brushing and topical fluoride application. 6 About the effectiveness of the latter, there is already strong evidence, established by systematic review with meta-analysis, setting the effectiveness of topical fluoride use on cavity prevention in children and teenagers. 7 For supervised toothbrushing, there is some evidence on its efficacy and cost-effectiveness. 8 However, further studies that follow students for longer periods of time, while incorporating economic outcomes, are needed. 8 The objective of this study was to evaluate the effectiveness of oral health educational actions in the school context on improving oral hygiene and dental caries in schoolchildren through systematic review and meta-analysis.
| ME TH ODS
A systematic review of literature and meta-analysis was performed.
This methodology followed the Cochrane Handbook for systematic reviews of interventions, version 5.1.0. 9 For further details, see the online Methods. For this review, studies using randomized controlled trials methodology were included, with randomization at group (school and/or classroom) or individual level.
Studies in which participants were students with ages ranging from 5 to 18 years were included. This inclusion disregarded the dental caries level at the study's beginning, exposure to fluoride and current dental treatment. For the purposes of this review, a "school"
is defined as "a space to articulate policies concerning teenagers and young people, based on the participation of those individuals in that process: students, families, educational and health professionals." 10 Educational actions interventions on oral health carried out by dental professionals in School Programs were considered. The included educational interventions on oral health were as follows: supervised toothbrushing, guidance about toothbrushing, orientation on the main oral diseases, general orientation on dieting, educational activities, among others. Studies were included without time restriction. The intervention could have been delivered by dentists, dental hygienists or dental assistants and carried out in the school environment.
The control group was not provided with an educational programme on oral health; however, it could have been given an action that belongs to the school's curricular framework.
Primary outcomes: dental caries; plaque accumulation; gingivitis.
The clinical effectiveness was defined as some change in caries experience or some change in the amount of dental plaque and gingival bleeding. The title and the abstract of each study were reviewed and critically assessed by two independent reviewers. Two reviewers are dental surgeons (NMLS, CS) and experienced in the field.
The methods used to apply the selection criteria were the follow- When disagreements between researchers arose, the eligibility criteria or the codification schemes for data gathering were reviewed by a third reviewer (FNH) experienced in the content of the review, to take the final decision on the articles' inclusion or exclusion.
Data gathering was carried out using a verification list of items that were considered for data extraction. The main items of this list were as follows: study definition, risk of bias assessment, total length of the study, unit of randomization, unit of analysis, participants' characteristics, interventions, outcomes, results and other items.
The risk of bias was assessed in five specific domains: selection of participants; allocation sequence concealment; blinding of participants and evaluators; incomplete outcome data; and selective outcome reporting. This was done through the assignment to "low risk of bias," "high risk of bias" or "unclear risk of bias" rulings. 9 Measures for continuous data were assessed as follows: mean change in Plaque Index (before and after the intervention) and standard deviations; and mean change in gingivitis (before and after the intervention) and standard deviations.
The unit of the analysis from the studies was every conglomerate (class or school) and/or the individual (student) of each study included in this review. The estimates of effect and their standard errors, deriving from the analysis of group-randomized trials, were explored in a meta-analysis using the generic inverse variance method on Review Manager 5.3.
We sought to identify the variability among the studies, in participants, interventions, outcomes and planning, and risk of bias. The chi-square test was used to assess whether the observed differences were homogenous or heterogeneous. The statistic test used to quantify the inconsistence between studies was the I². It was interpreted in accordance with the Cochrane Handbook for Systematic Reviews of Interventions. 9 Data synthesis was carried out using a descriptive synthesis, with a summary of the characteristics of each included study. For quantitative synthesis, a summary of the combined estimate related to the intervention effect was calculated as a mean of the differences of the effects of intervention in individual studies.
The meta-analysis of the continuous outcomes used the fixedeffect method, which provides exactly the same answers when heterogeneity does not exist. To calculate the standard error and the standard deviation of the mean differences for the outcomes of interest, the Comprehensive Meta-Analysis Software was used, and then, mean differences and their standard deviations were analysed using Review Manager 5.3. software.
| RESULTS
The studies selected during the search process, assessed by eligibility, included in the review and excluded given the proper reasons, are presented in Figure 1 , using a flow diagram. For further details, see the online Results.
The characteristics of the studies can be found in Table 1, which depicts the included studies' the general characteristics. Among the 12 included studies, six were randomized by school, [11] [12] [13] [14] [15] [16] two by classroom 17, 18 and four by individuals. [19] [20] [21] [22] The age of the participants ranged from 6 to 15 years old throughout the interventions' conducting period. 3932 participants
T A B L E 1 General characteristics of the included studies were analysed. In the cumulative analysis of five studies 11, 14, 18, 20, 22 with both indices, there was a significant difference in the change of the Plaque Index favouring intervention groups, which showed a reduction in mean plaque levels (MD À0.36, IC 95%: À0.59 a À0.13) For the dental caries and tooth loss outcomes, four studies 11, 17, 19, 21 presented results using the DMFT, DMFS and dmfs indices to evaluate the effectiveness of the OHE sessions. AlJundi, 19 in a 4-year study, found that caries status of the children in the intervention group, which comprised supervised daily toothbrushing using fluoridated toothpaste, was better than that of the control group and concluded that this preventive programme was successful in controlling dental caries. In the study of Chandrashekar, 11 for the DMFS outcome, and in the study of Zanin, 21 with the DMFS and dmfs outcomes, significant changes between the groups were not found. According to de Farias, 17 the DMFS index showed a significant association with the Gingival bleeding index at the end of the study. Studies with tooth pain as outcomes were not found. For the plaque outcome, five studies 11, 14, 18, 20, 22 were included in the meta-analysis and showed significant differences in the change of the plaque index (Loe & Silness and O'Leary) favouring intervention groups. Although limited, the studies suggest positive effect of OHE on plaque levels on short term. On the other hand, the studies of Esteves 22 and Rodrigues, 18 encompassing O'Leary's Plaque Index, did not find significant difference between the groups, which can be explained by the small number of participants in the study groups.
For the gingivitis outcome in meta-analysis, the studies of Chandrashekar 11 and D'Cruz 12 showed that there was no difference between the groups and revealed that oral health education had no effect on gingivitis reduction. These studies varied their intervention time from 6 months to 2 years, with participants aged from 10 to 15 years old. The prevention of oral diseases is an important objective of oral health education and evidence to support decision would be of relevance for oral care providers and stakeholders.
There were only four studies assessing caries as the outcome included in this review. 11, 17, 19, 21 In general, their findings are conflic- | 35 environment is to prevent oral diseases and to develop healthier behaviours and practices.
The last systematic review about the effectiveness of educational actions on the oral health of schoolchildren was published more than two decades ago. Since then, a considerable amount of papers on the subject has been published. Oral health education programmes continue to be developed and implemented in school settings, meaning that the critical assessment and summarization of that evidence is important to provide clinicians, stakeholders and decision makers with needed information about the cost-effectiveness of education based oral health programmes. This is in agreement with the current definition of oral health that was recently published by the FDI. 23 The several forms of delivery of OHE presented in the studies only varied in regard to the deployed educational objects; however, the methods, as they were developed, were based mainly on information transfer. The development of evidence-based protocols that allow the delivery of sound and effective OHE actions is needed mainly in primary healthcare settings and in school environments. It is strategic to carry out prevention and health promotion actions that are consistent and produce a positive impact on oral health status. It is important to review OHE methods, organizing them according to children's development period, while also acknowledging a more active engagement hailing from school communities and families, because there is a complexity when it comes to being apt to motivate oneself while promoting changes in persons' health behaviours. 24 As this study only selected interventions carried out by oral health professionals and, considering that throughout the selection process, studies in which interventions were applied by others such as teachers and students' parents were found, there is a need to also systematically assess the effectiveness of those interventions. In a critical review study on educational programmes for schools, Pauleto 25 concluded that education remains strongly based on knowledge transfer practices and that it is necessary to rethink it by using education methods that are focused on problematization.
In a previous systematic review about the effectiveness of Oral Health Education actions, Kay 5 found that there was a rather small positive effect, however momentary, in the plaque index and not a single perceptible effect about the cavity increase. The present review included papers published after 1994 and showed similar results in respect to plaque accumulation. Furthermore, results in respect to caries were conflictive and no study included important outcomes such as tooth loos or evaluated the cost-effectiveness of OHE interventions.
The general applicability of the evidence of the present review is limited, taking into consideration that OHE only contributed to a small reduction over a short period of time in plaque accumulation. Furthermore, oral and psychosocial characteristics are known to vary widely between children in the age range considered in the present systematic review. This is a limitation of this study, and results must be interpreted taking such into account. Subgroup analyses could have been carried out to overcome it; however, this was precluded due to the small number of individual studies with similar outcomes included. The study's relevance is mainly related to the need to assess the effectiveness of educational actions on oral health carried out in school programmes, given the fact that, according to individual studies and other systematic reviews, a conclusive outcome about their effectiveness is yet to be established, even though they remain as priority actions in many countries.
In conclusion, traditional oral health education was effective in reducing plaque accumulation over a short period. This reduction was of small magnitude. OHE was not effective for gingivitis while for caries the findings were conflicting. There is no long-term evidence on the effectiveness of these interventions in preventing plaque accumulation, gingivitis and dental caries in schoolchildren. This may be due to the variability of OHE methods deployed in the individual studies.
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